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Overview

IBM developed the System x MAX5 offering after conducting a research study on customer 
pain points and learning that insufficient memory was often the source of performance 
bottlenecks, before processors or the input/output (I/O) subsystem became the bottleneck.

In the previous generation of servers, a single 4-socket server only scaled up to 256 GB of 
memory. If you ran out of memory at 256 GB, there was no way to just upgrade the memory. 
You had to attach another 4-socket server that gave you additional unnecessary processors 
and other components, and it was expensive to do so. With IBM eX5 technology, you have 
four times the memory capacity (1 TB) on a 4-socket server, plus the ability to add another 
512 GB with one rack unit (1U) memory drawer called the MAX5, at a relatively lower cost. 

The IBM MAX5 memory drawer is a great option to reduce the I/O footprint of a data 
warehouse configuration in your data center. Additional savings for space, power, and 
cooling, also apply, making it even more attractive in terms of price and performance.

For this series of tests, a 1500 GB data warehouse under the control of Microsoft® SQL 
Server 2008 R2 was used on an IBM System x3850 X5 server configured with four 8-core 
processors and IBM MAX5 for System x. Tests were conducted with and without MAX5 to 
measure the performance benefit of MAX5 and additional memory. For storage, IBM High 
IOPS SSD PCIe adapters were used. 

The IBM MAX5 for System x increased the queries per hour of the x3850 X5 by 28%, and 
decreased average query response times by 39%. 

Understanding the DSS workload

A data warehouse is a type of database that is designed for archiving data for the purposes of 
reporting and analysis. Data warehouses are typically used as the back-end data storage for 
DSS. 

A data warehouse environment is unlike an online transaction processing (OLTP) database in 
that it is often subjected to ad hoc queries, rather than the predefined queries that an OLTP 
database is designed to accommodate. Queries that are run against data warehouse 
databases often scan millions of rows, as opposed to typical OLTP queries, which generally 
scan a handful of records. The I/O pattern is mostly large sequential reads compared to small 
random reads with an OLTP workload.
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IBM System x3850 X5

The x3850 X5 is built on the fifth generation of IBM X-Architecture® chip set technology. This 
new system incorporates the latest in hardware acceleration and scalability. These advances 
provide industry-leading flexibility, with resource configurations that push the boundaries of 
x86 and x64-based systems. 

Figure 1 shows the x3850 X5.

Figure 1   Front view of the x3850 X5 showing eight 2.5-inch SAS drives

With the release of new multicore processors from Intel®, the 4-socket server IBM System 
x3850 X5 offers up to 32 cores or 64 logical processors with Hyper-Threading Technology 
and up to 1 TB of memory per chassis. The memory is highly available with Memory 
ProteXion, Chipkill, and memory mirroring. 

Other high-availability features, such as redundant fans, hot-swap fully redundant power 
supplies with 220V AC input, and hot-swap disk drives, deliver high levels of reliability and 
availability to maximize up-time. These features provide the reliability and high availability 
needed for the most demanding database workloads.

The x3850 X5 features four times the memory availability than the previous generation with 
64 dual inline memory module (DIMM) slots, running PC3-10600 DDR3 memory. 

This paper provides information about how you can use the memory capabilities of the x3850 
X5 to help take the performance, efficiency, and reliability of your data warehouse 
environment to the next level.
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IBM MAX5 for System x 

The x3850 X5 server can be expanded with the MAX5 1U memory expansion unit to scale the 
memory up to 96 DIMMs. Using 16 GB DIMMs, a 4-processor x3850 X5 with MAX5 can 
support a total of 1.5 TB memory. 

Figure 2 shows the x3850 X5 and MAX5 together.

Figure 2   - IBM System x3850 X5 with MAX5

MAX5 is an industry-first technology from IBM that separates memory from the processor, 
eliminating the need to buy another server to support memory-intensive workloads and 
dramatically changes the economics of the x86 server market. The MAX5 connects to the 
x3850 X5 with four QuickPath Interconnect (QPI) links, one from each of the four sockets.

Figure 3 shows the logical connections between the MAX5 and x3850 X5.

Figure 3   The x3850 X5: connectivity of the system unit with the MAX5
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MAX5 is not suitable in all scenarios. If you have less than 256 GB memory in your x3850 X5 
and need to upgrade memory, then buying larger size DIMMs can be a more economical and 
better performing option. If you have maxed out the memory on x3850 X5 at 1 TB and you still 
have an I/O bottleneck that is slowing down your data warehouse queries, the MAX5 can be 
an ideal fit for your configuration. Adding a MAX5 into that configuration can be a better option 
than trying to add more storage into the configuration. The MAX5 can help provide lower 
latencies than even solid state device (SSD) storage. If you end up caching your database 
entirely into memory, you can see the additional performance gain. 

Microsoft SQL Server 2008 R2 

With Microsoft SQL Server 2008 R2 running on Microsoft Windows® Server 2008 R2, you 
can build comprehensive, enterprise-scale analytic solutions that deliver intelligence where 
you want it.

Microsoft’s SQL Server 2008 R2 makes a major advance in data warehouse scalability. The 
database engine contains numerous enhancements, such as increased parallelism, 
improvements in compression, star join query optimizations, and grouping sets for queries. 
These enhancements were all designed to improve both absolute performance and 
multi-CPU scaling on decision support workloads. 

IBM High IOPS SSD PCIe adapters 

The IBM High IOPS SSD PCIe adapters provide a new generation of ultra-high-performance 
storage for System x servers, based on SSD technology. These adapters provide alternatives 
to traditional serial-attached SCSI (SAS) disk drives by being able to deliver throughput of up 
to 100,000 I/O operations per second (IOPS). They are designed for high-performance 
servers and computing appliances, and help to provide the added benefits of lower power, 
cooling, management overhead, and a smaller storage footprint.

Figure 4 shows the IBM High IOPS SSD PCIe adapter.

Figure 4   IBM High IOPS SSD PCIe adapter
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High IOPS SSD PCIe adapters can help provide the following benefits: 

� Doubles the performance of the industry-leading first generation ioDrive.

� Integrates with servers at the system bus and kernel levels, creating a new flash memory 
tier.

� Outperforms dozens of SSDs in a single server.

� Delivers I/O performance of thousands of SAS hard disk drives in a single server, up to 
100,000 IOPS for the 160 GB and 320 GB adapters, and 200,000 IOPS at 1.5 GB for the 
640 GB adapter.

� Accelerates applications, improves response times, and boosts efficiency.

� Reduces storage latencies and eliminates I/O bottlenecks.

� Provides from 160 GB to 1.2 TB of enterprise-grade, solid-state flash storage.

� Delivers extremely high reliability, due to advanced wear-leveling, 11-bit error correction 
code (ECC), and N+1 chip-level redundancy.

You can find more information in the IBM High IOPS SSD PCIe Adapters at-a-glance guide, 
which is available at the following website:

http://www.redbooks.ibm.com/abstracts/tips0729.html?Open 

Test environment

Decision support workloads are frequently I/O intensive. The high I/O requirements of these 
tests were met using High IOPS SSD PCIe adapters installed in the PCI Express (PCIe) slots 
on a x3850 X5 server.

The test environment consisted of a single x3850 X5 server with four Intel Xeon® X7560 
8-core processors. The server was populated with the following High IOPS SSD PCIe 
adapters:

� Five 320 GB High IOPS SD Class PCIe adapters
� Two 640 GB High IOPS MLC Duo adapters

With these SSD PCIe adapters, the server did not need any external storage to house the 1.5 
TB database, making it a complete single-box environment. These adapters offer up to 1.5 
GBs large sequential read bandwidth per card and can be ideal for the large sequential read 
bandwidth demands of a data warehouse workload. They can also be an ideal option for the 
low latency requirements of a SQL Server tempdb database for this workload.

The following memory configurations were evaluated: 

� 1 TB of memory installed exclusively in the x3850 X5 (no MAX5).

� 1.5 TB of memory with1 TB in the x3850 X5 server and 0.5 TB installed in the MAX5 
memory drawer attached to the x3850 X5.

Data warehouse workloads are host-based environments. No clients were involved to 
generate the workload. The server ran Microsoft Windows Server 2008 R2 x64 Enterprise 
Edition.
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As to the database layout on the disks, each of the seven SSD PCIe adapters shows up as 
two drives in Windows, for a total of 14 drives. The SQL database was spread out over all of 
the 14 drives. The database log was configured on a RAID-10 logical unit number (LUN) 
built-in six internal SAS drives. The Windows Server 2008 R2 operating system was 
configured on a 2-disk RAID-1 LUN on internal SAS drives. SQL tempdbqwe was also spread 
out on the 14 SSD drives. 

Analysis and test results

The section provides test results and graphs to show the many benefits of MAX5 and 
additional memory. When higher amounts of memory are added to the system, thereby 
enabling the database to be cached in memory, the query response times are greatly 
improved. The improved query response time can result in reduced I/O and increased CPU 
utilization. A benefit of using SSD PCIe adapters and large amounts of memory is that the 
processor utilization is maximized to make the best use of the server.

Sequential query execution
Sample queries were run sequentially to generate the results. The queries are a mix of 
CPU-intensive and I/O-intensive queries. Certain queries touch just a few rows in the 
database, but others touch many rows. Certain queries do a full scan through a table, but 
others are more compute intensive. 

The outcome is mixed results, with certain queries running in just a few seconds and others 
taking several minutes to complete. The same set of queries were run in the same order on 
both configurations. 

Figure 5 shows the comparison of query response times for each of the queries with 1 TB and 
1.5 TB of server memory.

Figure 5   Query elapsed times in seconds
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Figure 6 shows the comparison of queries executed per hour during the sequential execution 
of the queries with 1 TB and 1.5 TB of server memory. The additional memory resulted in a 
much higher number of queries executed per hour.

Figure 6   Queries executed per hour

Figure 7 shows the comparison of I/O operations per second during the sequential execution 
of the queries with 1 TB and 1.5 TB of server memory. With more memory, the database is 
cached, thereby reducing I/O.

Figure 7   Physical disk I/O per second
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Figure 8 shows the comparison of processor utilization percentage during the sequential 
execution of the queries with 1 TB and 1.5 TB of server memory. Considering that I/O to the 
PCIe SSD adapters is reduced with MAX5, processor utilization increases resulting in higher 
query throughput.

Figure 8   Processor utilization percentages

Parallel query execution
The results in Figure 9 were gathered by issuing the sample queries in parallel.

Figure 9   Queries issued per hour during parallel query execution
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Figure 9 on page 9 and Figure 10 show data from the tests in which a number of queries were 
executed in parallel. This data also exhibits the performance benefit of MAX5 and additional 
memory. Disk I/O decreases, CPU utilization increases, and the number of queries executed 
per hour increases significantly.

Figure 10   Parallel query execution data

Conclusion

The I/O subsystem is the slowest component in a data warehouse configuration. When you 
run a query against a database, the server needs to process data. Data resides in the 
storage, and reads are issued to gather the data set. The IBM High IOPs PCIe adapters help 
load the data from storage quickly. The SSD PCIe adapters also help with the performance of 
tempdb activity during the run.

On a system without adequate amounts of system memory, the data that resides in memory 
must be removed to make room for new data. On a system with a large amount of memory, 
more of the data set can remain in memory, which enables future references to the data set to 
be satisfied at low latencies, cutting down the query response times significantly. If achieving 
faster query response times is your goal and I/O is the bottleneck, then the I/O bandwidth can 
be increased by either adding more storage or more memory. By adding memory, you can 
reduce the amount of storage, which in turn offsets the cost of adding that memory by 
reducing the footprint, space, power, and cooling needs of storage in the data center.

IBM has an effective solution: the 4-socket x3850 X5, which supports up to 1 TB system 
memory, and up to 1.5 TB of total memory when the MAX5 memory drawer is attached. As 
presented in this paper, you can gain up to 30 to 40% performance benefit by caching most of 
the 1.5 TB data warehouse in memory. You can achieve this level performance on an IBM 
System x3850 X5 with the MAX5 memory drawer attached, and a total of 96 16 GB DIMMs, 
for a maximum of 1.5 TB of memory in a single four-socket server. 
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Notices

This information was developed for products and services offered in the U.S.A. 

IBM may not offer the products, services, or features discussed in this document in other countries. Consult 
your local IBM representative for information on the products and services currently available in your area. Any 
reference to an IBM product, program, or service is not intended to state or imply that only that IBM product, 
program, or service may be used. Any functionally equivalent product, program, or service that does not 
infringe any IBM intellectual property right may be used instead. However, it is the user's responsibility to 
evaluate and verify the operation of any non-IBM product, program, or service. 

IBM may have patents or pending patent applications covering subject matter described in this document. The 
furnishing of this document does not give you any license to these patents. You can send license inquiries, in 
writing, to: 
IBM Director of Licensing, IBM Corporation, North Castle Drive, Armonk, NY 10504-1785 U.S.A.

The following paragraph does not apply to the United Kingdom or any other country where such 
provisions are inconsistent with local law: INTERNATIONAL BUSINESS MACHINES CORPORATION 
PROVIDES THIS PUBLICATION "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR 
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF NON-INFRINGEMENT, 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. Some states do not allow disclaimer of 
express or implied warranties in certain transactions, therefore, this statement may not apply to you. 

This information could include technical inaccuracies or typographical errors. Changes are periodically made 
to the information herein; these changes will be incorporated in new editions of the publication. IBM may make 
improvements and/or changes in the product(s) and/or the program(s) described in this publication at any time 
without notice. 

Any references in this information to non-IBM websites are provided for convenience only and do not in any 
manner serve as an endorsement of those websites. The materials at those websites are not part of the 
materials for this IBM product and use of those websites is at your own risk. 

IBM may use or distribute any of the information you supply in any way it believes appropriate without incurring 
any obligation to you.

Information concerning non-IBM products was obtained from the suppliers of those products, their published 
announcements or other publicly available sources. IBM has not tested those products and cannot confirm the 
accuracy of performance, compatibility or any other claims related to non-IBM products. Questions on the 
capabilities of non-IBM products should be addressed to the suppliers of those products.

This information contains examples of data and reports used in daily business operations. To illustrate them 
as completely as possible, the examples include the names of individuals, companies, brands, and products. 
All of these names are fictitious and any similarity to the names and addresses used by an actual business 
enterprise is entirely coincidental. 

COPYRIGHT LICENSE:

This information contains sample application programs in source language, which illustrate programming 
techniques on various operating platforms. You may copy, modify, and distribute these sample programs in 
any form without payment to IBM, for the purposes of developing, using, marketing or distributing application 
programs conforming to the application programming interface for the operating platform for which the sample 
programs are written. These examples have not been thoroughly tested under all conditions. IBM, therefore, 
cannot guarantee or imply reliability, serviceability, or function of these programs. 
© Copyright International Business Machines Corporation 2011. All rights reserved.
Note to U.S. Government Users Restricted Rights -- Use, duplication or disclosure restricted by 
GSA ADP Schedule Contract with IBM Corp. 13
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